Introduction: Poison Control Centers (PCCs) have been shown to reduce health expenditures by reducing emergency department and clinic visits. The effect or association of PCC call frequency on acute hospitalization rates for poisonings has not been studied extensively.
INTRODUCTION
2004, U.S. poison control centers (PCCs) reported 205,455 cases/ calls of poison exposures from suicide attempts or assaults and about 2 million unintentional poison exposure cases/calls [2] .
A host of studies and reports have found that PCCs reduce the expense of poisoning on the health-care system [3] [4] [5] [6] [7] [8] [9] [10] [11] . These estimates have come from a wide range of evidence including modeling and natural experiments in which services were disrupted or toll-free lines added [6, 12, 13] . For the most part, they have shown reduced total poisoning expenses based on reduced referrals to EDs and provider offices by the use of PCC management in which patients are observed at home [3, 5, [8] [9] [10] [11] . In addition, hospital length of stay (LOS) has been shown to be reduced if a PCC is actively involved in management of the hospitalized poisoned patient [3, 14] . There has been an assumption that PCCs reduce poisoning hospitalization rates. Polvika [15] noted "despite the belief that PCCs reduce hospitalization due to poisoning, data to support this has been elusive." A recent study, examining the penetrance of poison centers (calls per 1000 person years), found a reduction in poison admissions in rural U.S. counties in 12 states with increased use of PCCs [14] . The hypothesis that increasing use of or penetrance by a PCC is correlated with reduced poisoning-related hospital discharges was examined in California over a 33-month period. The specific assumption that increasing PCC penetrance in discrete geographical areas of California would correlate with decreased hospitalization rates in those areas was tested.
MATERIALS AND METHODS
All nonfederal hospital discharges for acute poisoning calls/cases were correlated with PCC acute calls during a 33-month period. Because the California Poison Control System (CPCS) is the only PCC for the state of California, we were able to collect data on all the PCC calls for the state during the study interval. The CPCS database of poison exposure phone calls (Visual Dot Lab) from October 1, 1999 to June 31, 2002 were retrieved. All patient identifiers were removed. The exposure calls were categorized by the California county of origin and date of call. Several of the smaller counties were combined geographically so that the 58 total California counties were condensed into 48 actual counties and 3 "county groupings" for analysis. Thus a total of 51 California geographic categories or groupings were used in the study.
For the same time frame of October 1, 1999 to June 30, 2002, all nonfederal hospital discharges for acute poisonings with principal diagnosis codes (960-979, 980-989, 9956X, 3030, and 005) in California were obtained from the California Office of Statewide Health Planning and Development. These public data were blinded. In addition, about 3.3% of all discharges were excluded from analysis because the public-use database suppressed the county/hospital information to protect the privacy of patients who might be identifiable based on the combination of hospital, date, and demographic information. The poisoning discharges from hospitals were categorized by hospital location into one of the 51 California geographic groupings for analysis.
Hospitalization rates and PCC call rates were calculated using the data above and U.S. Census Bureau population estimates of population by county or county grouping for the appropriate years studied. Statistical analysis was performed using Spearman Rank Correlation Tests.
Institutional Human Subject Reviews and approvals were obtained from the University of California, San Francisco (home of the CPCS) and the University of California, Davis.
RESULTS
During the 33 months studied, there were 50,920 identified primary poison discharges from nonfederal hospitals in California representing 132,173 patient hospital days. Hospitalization rates for acute poisoning averaged 0.54/1000 person years with a range of 0.25/1000 person years for Central Counties Grouping to 1.53/1000 person years for Del Norte County ( Table 1 ). The average LOS was 2.6 days with a range of 1.7 days in the Northeastern Counties Grouping to 3.6 days for Napa County (see Table 1 ).
There were 188 different poisoning diagnoses for the hospital discharges. Forty-one of the specific poisoning diagnoses had only 1 hospital discharge associated with them. Table 2 lists the top 10 diagnoses associated with hospital discharge during the study period in California.
A total of 801,640 acute poisoning/exposure calls were received by the CPCS during the period of analysis. Poison call rates averaged 8.5/1000 person years with a range of 4.9/1000 person years for Los Angeles County and 19.6/1000 person years for Napa County ( Table 1) .
Using Spearman rank correlation tests, acute poisoning discharges per 1000 person years were positively correlated with poison calls per 1000 person years by county/county groupings (Spearman correlation of 0.41, p ϭ 0.003). Acute poisoning average LOSs were not correlated with poison calls per 1000 person years or acute hospital discharges for poisoning per 1000 person years.
DISCUSSION
Variations in the use and frequency of exposures reported to PCC have been previously noted. Both regional and seasonal variations have been reported by several investigators [16] [17] [18] [19] [20] [21] with a significant predominance in summer to early fall repeatedly seen. Some of the variation in utilization of PCCs can be attributed to sociodemographic factors with lower uses in areas with lower population density, higher African American and Hispanic/Latino populations, lower median household income, lower density of children, and homes in which languages other than English are spoken [22] [23] [24] [25] [26] . The current study further demonstrates regional variations in both exposure calls to the CPCS and acute hospital discharges for poisoning.
Previous literature has suggested that each 1% increase in PCC penetrance or call rates in rural counties was associated with a 0.19% lower hospitalization rate among people who visited the ED because of poisoning [14] . The opposite association was suggested in this study where increasing penetrance or call rates were positively associated with increased poisoning related hospital discharges. Previous studies have shown that rural populations self-refer to a health-care facility more than urban populations for poisoning. The current study did not look specifically at ED visits and resulting hospitalizations but at all poison-related discharges. Further, using the US Department of Agriculture definition of rural that was used by Zaloshnja et al. [14, 27] , only seven of the 58 counties in California met this definition (Alpine, Del Norte, Injo, Mariposa, Mano, Sierra and Siskijo) with a total population of only 24,499 (0.3% of total California population). Thus, if a specific "rural" county effect to lower hospitalizations due to poisoning by using a PCC exists, it would be hard for this effect to be seen with such a small percentage of patients meeting this rural definition in the current study. The hospitalization discharge rates for poisoning (average of 0.54/1000 person years) seen in this study are consistent with hospitalization rates for pediatric (Ͻ18 years old) intoxications (0.45/1000 person years) seen in the State of Washington [28] . The distribution of the agents involved in the Washington study was similar to those found in this study (see Table 2 ) with antidepressants, salicyclates, antiallergens and antiemetics, ethanol, anticonvulsants, benzodiazepines, stimulants/amphetamines, antiasthmatics, and antibiotics representing the top ten in the Washington State study [28] . The call penetrance reported in the current study (average of 8.5 calls/1000 person years) is very similar to that seen in a study of rural counties (8.13-8.21 calls/1000 person years) [14] .
PCC call penetrance was also not associated with hospital LOS for poisoning in the current study. This contrasts with the finding that hospital poison cases followed by a PCC had a shorter LOS than those matched cases not followed by a PCC [29] . In the current study, the cases were blinded in each data set, therefore we were unable to evaluate whether hospital cases that were managed specifically by the CPCS had shorter LOS than those not directly followed. No overall correlation with call penetrance was found.
The average LOS of 2.6 days found in the current study was also consistent with the median LOS of 2 days with active PCC case participation compared to 5 days without active PCC participation in poison cases that has been previously reported [30] . A median LOS for hospitalized poisoning cases of between 1 and 2 days was also reported in the pediatric study in the state of Washington [28] . Further, this range is consistent with Woolf [31] , who reported a decline in mean LOS for pediatric poisoning from 5.85 days in 1992 to 3.45 days (p ϭ 0.005) in 1995.
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JOURNAL OF MEDICAL TOXICOLOGY I VOLUME 4, NUMBER 3 I SEPTEMBER 2008 This study demonstrated large variations between counties in rates of both hospital discharges for poisoning and corresponding acute poison calls to the CPCS, the sole PCC for California. The size and diversity of California, the lack of detailed information about the demography of the patients in this study, and the inability to track whether the PCC was involved in the care of the hospitalized poisoned patients limit conclusions. In looking for correlation, the lack of counties without PCC coverage further limits this study. An additional limitation includes the inability to connect the databases directly to specific poison patients (blinded databases) to see if the PCC was called before or after a specific poison admission. Hospital discharge databases are limited by the quality and extent of discharge coding. Further sociodemographic analysis is needed to potentially explain the large variations in PCC penetrance and poisoning hospitalization rates seen in this study. Using this data, there was no evidence that higher use of PCCs results in lower poison-related hospital discharges.
